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Motion in a Line,Motion in a Line, 
Vectors and Vector PropertiesVectors and Vector Properties 
Vector Description of MotionVector Description of Motion





Example: Velocity Needed to Throw a StoneExample: Velocity Needed to Throw a Stone 
a Height a Height hh and the Time to Reach and the Time to Reach hh..

Last time we found that the minimum initial 
velocity required to reach a height h was given by: 

Vi  2gh
And the time to reach a height h was given by: 

t  Vi
g

The quadratic equation required to find this time is 

h  Vit − 1
2 gt2

Which has as a solution: t 
Vi  Vi

2 − 2gh
g or t  Vi

g

The minus sign in front of the sqrt applies on the way up and 
the plus sign on the way down.



Example Example –– Overtake the SpeederOvertake the Speeder
A speeder passes a stationary police car traveling at a velocity The 

police car pursues from rest with a uniform acceleration of 
1) When the officer catches the speeder how far have they traveled, and
2) How fast is the police car traveling? (The speeder is traveling v = vs . doh!)

1) When the police car catches the speeder they have traveled the 
same distance or

2) The police car is now traveling a velocity 
given by 

xs  xp → vst  1
2 apt2 → t  0 or t  2vs/ap

v  vs.
a  ap.

x  vs2vs/ap   2vs
2/ap

vp  apt  2vs







where rx  r cos and ry  r sin







Vectors in 2 Dimensions Vectors in 2 Dimensions –– Scalar ProductScalar Product

From our definitions up to this point we 
can define a vector      such that it points
along the x axis. 

By definition taking the scalar product of 
this vector with         yields the scalarA

The axes can be rotated, but their magnitude and the angle between the two
vectors remains unchanged.  This means that this result is a general invariant
result for any coordinate system where q

 
is the angle between the two vectors.

B

A and B are the magnitudes of their respective
vectors and q

 
is the angle between them.

A  B  ABcos



Vectors in 2 Dimensions Vectors in 2 Dimensions –– Scalar ProductScalar Product

The scalar product is commutative.

It can easily be shown that the scalar
product is distributive (exercise for student).

For any arbitrary vector we will routinely make use of the notation 

A  B  B  A as ABcos  ABcos−

A  B  C  A  B  A  C

A2  A  A  Ax
2  Ay

2 and A  Ax
2  Ay

2



Vectors in 2 Dimensions Vectors in 2 Dimensions –– Scalar ProductScalar Product
In terms of unit vectors we can write 
the vector     in terms of its components. A

Using an analogous expansion for
the scalar product can be expressed 

B

The equivalence of the two different expressions for the scalar product 
can be seen from

The scalar product is often referred to as the ‘dot’ product.

A  Ax

i  Ay


j

A  B  AxBx  AyBy

A  B  AxBx  AyBy

A  B  AcosBcos  AsinBsin

A  B  ABcos −   ABcos
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